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Abstract. A FT-IR study of the Borrelia afzelii species is reported for the first time. The FT-IR 
spectrum was obtained in the wavelength interval between 450-4000 cm
-1
, and the assignation of the 
absorption bands and the structural interpretation was performed. These spectral domains contain 
information about DNA, RNA, polysaccharides, proteins, phospholipids. 
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INTRODUCTION 
 
The Borrelia afzelii species belongs to the Borrelia burgdorferi s.l. complex, the 
etiologic agent of Lyme disease (Schneider et al., 2008; Rudenko et al., 2011). From the 
moment the Borrelia burgdorferi s.l. species was identified as the agent of Lyme borreliosis 
(1982), a large number of species of the Borrelia genus were obtained from many vertebrate 
species, including humans (Movila et al., 2012). Because of the global concern for the vector-
born disease, there have been recently developed molecular methods for the differentiation of 
microorganisms to the species level as well as ELISA, PCR (Leblanc et al., 2002). 
W.W. Coblentz (1911) was probably the first scientist to suggest IR spectroscopy as 
an analytical mean in biology. From 1950-1960 there were several reports on the feasibility of 
spectroscopy for differentiation and identification of bacteria (Naumann, 2002). Ever since, 
numerous studies reported the use of Fourier transform infrared spectroscopy for 
classification and identification in microbiology (Krischner at al., 2001; Maquelin et al., 2003; 
Erukhimovitch et al., 2005; Yu and Irudayaraj, 2005; Becker et al., 2006, Lamprell et al, 
2006; Beekes et al., 2007; Lu et al., 2011; Lu et al., 2011).  The most recent published studies 
relates to the use of FT-IR spectroscopy for pathogens such as various species of: Escherichia 
coli (Filip et al., 2008; Al-Qadiri et al., 2008; Huleihel et al., 2009; Lu et al., 2011; Fang et al., 
2012; McEvoy 2013), Bacillus (Pan et al., 2006; Huleihel et al., 2009; Garip et al., 2005; She 
et al., 2009) Salmonella (Kim et al., 2005; Baldauf et al., 2006), Staphylococcus aureus 
(Becker et al., 2006; Lamprell et al., 2006; Amiali et al., 2007). The present study aimed to 
characterize the Borrelia afzelii species, by Fourier transform infrared spectroscopy. 
 
MATERIAL AND METHODS 
 
Sample preparation: The Borrelia afzelii species was grown for 7 days at 34C in 
Barbour-Stoener-Kelly H (BSK H) medium supplemented with 1% antibiotic.  
One milliliter of the cell culture was centrifuged for 3 min at 2,400 rpm. The 
supernatant was removed and  the cells were suspended in 3 ml of distilled water  and was 
centrifuged again for 3 min. This procedure was repeated three times.  
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FT-IR measurement. The spectrum was obtained in the spectral range of 450-4000 
cm
-1 
using 2 mg of bacterial cell mass included in a disc with 200 mg of KBr. Spectral 
resolution was set at 4 cm
-1
 and all spectra were acquired over 256 scans. 
 
RESULTS AND DISCUSSIONS 
 
FT-IR spectroscopy was first used to characterize Borrelia afzelii species considered to 
be pathogenic to both humans and animals. The FT-IR spectrum of the species Borrelia afzelii 
is showing in figure 1 and can be observed 16 FT-IR bands assigned as described below. 
 
 
Fig. 1 Spectrum FT-IR of Borrelia afzelii 
 
 
The band at ~995 cm
-1
 is assigned to vibration of C–O from ribose (Movasaghi et al., 
2008) and to stretching vibration of C−O in structure of cells membranes (Lorin-Latxague and 
Melin, 2005). The band at ~1041 cm
-1
 is assigned to stretching vibration of C−O coupled with 
bending vibration of C−O of the C−OH groups of carbohydrates (Movasaghi et al., 2008; Lu 
et al., 2011). A band found at ~1084 cm
-1
 is assigned to symmetric stretching vibration of 
P=O from DNA, RNA and phospholipids (Garpi, 2005; Yu and Irudayaraj, 2005; Goodwin, 
2006; Beeks et al., 2007; Alvarez-Ordóñez et al., 2011). The weak peak found at ~1107 cm
-1
, 
is assigned of C–O and  C–C vibrations, from carbohydrates (Movasaghi et al., 2008). Also, a 
band at ~1146 cm
-1
 is attributed to stretching vibration of C–O  from  carbohydrates 
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(Movasaghi et al., 2008; Lu et al., 2011), but the appearance of this band can, also, appear due 
to stretching vibration of C–C of DNA and RNA backbones and C–O–P /C–OH deformation 
vibration of DNA and RNA backbones (Yu and Irudayaraj, 2005).  
Drista in 2012, has assigned the band found at ~1174 cm
-1
 to in plan vibration of NH, 
and stretching vibration of C–N from amide III. The appearance of this band can be also due to 
the contribution of stretching vibration of PO2
-
 from DNA (Drista, 2012). The band at ~1254 
cm
-1
 is assigned to asymmetric stretching vibration of P=O of the PO2
-
 group form nucleic acids 
(Garpi, 2005). Over this band can be overlapping the contribution of the in plan vibration of 
NH and C–O bond resp, but, also the stretching vibration of C–N and C−C (Garpi, 2005; 
Goodwin, 2006; Barth, 2007). Goodwin in 2006, has assigned the band found at ~1305 cm
-1
 to 
C−N symmetric stretching vibration, N−H deformation vibration, to C=O symmetric stretching 
vibration and O=C−N bonds. This vibration can be found in protein structure (Goodwin, 2006).  
The symmetric stretchig vibration of C=O from COO
–
 
 
groups that is found in protein is 
visible in IR spectrum at ~1403 cm
-1
 (Beekes et al., 2007; Lu et al., 2011). Over this band can 
be overlapping the contribution of deformation vibration of C–H that can be found in lipids, 
carbohydrates and proteins (Yu and Irudayaraj, 2005; Filip et al., 2008). 
The band at ~1447 cm
-1
 is assigned to deformation vibration of C–H from the CH2 of 
protein or CH3 groups (Filip et al., 2008, San-Blas et  al., 2011), while the band at ~1547 cm
-1
 
is assigned to deformation vibration of N–H and symmetric stretching vibration of C–N and 
C–C from structure amide II (Ede et al., 2004; Yu şi Irudayaraj, 2005; Goodwin, 2006; Nie et 
al., 2007; Huleihel et al., 2009). Lorin-Latxague and Melin in 2005 and Barth in 2007, have 
assigned the band found at ~1649 cm
-1
 to symmetric stretchnig vibration of C=O and to 
deformation vibration of C–N, that are the spectrals markers indicating the presence amidiei I 
in α-helix structure (Naumann, 2000; Lorin–Latxague şi Melin, 2005; Nie et al., 2007).  
The band at ~2852 cm
-1
 is assigned to symmetric stretching vibration of C–H of the 
CH2 groups present in fatty acids, protein, carbohydrates and nucleic acids (Lorin–Latxague şi 
Melin, 2005, Garpi, 2005; Goodwin, 2006, Ngo Thi, 2007). The band at ~2923 cm
-1
 is 
assigned to asymmetric stretching vibration of of C–H of the CH3 groups present in fatty 
acids and the band at ~2956 cm
-1
 is assigned to asymmetric stretching vibration of of C–H of 
the CH3 groups that can be found in the lipids structure (Wittaker et al. 2003; Garpi 2005). 
The stretching vibration of O–H of the hydroxyl groups (Garpi, 2005; Filip et al., 
2008) while the stretching vibration of N–H from proteins, specially amide A (Garpi, 2005; 
Goodwin, 2006) are illustrated through the infrared band present at ~3422 cm
-1
. 
 
CONCLUSIONS 
 
Borrelia afzelii species, the agent of Lyme disease, were investigated by FT-IR 
spectroscopy. The main spectral markers were obtained at ~1084 cm
-1
 (DNA, RNA 
backbone), ~1254 cm
-1
 (nucleic acids, Amide III), at ~1447 cm
-1 
(protein), at ~1547 cm
-1
 
(Amide II), at ~1649 cm
-1
 (Amide I), at ~2923 cm
-1
 (fatty acids) and at ~3422 cm
-1
 (Amide 
A). The FT-IR spectroscopy can be used with succes in the characterization culture of 
Borrelia afzelii species as a noninvasive technique. 
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